In the Andes of south-central Chile, environmental conditions apparently have not been 20 suitable for successful natural regeneration after harvesting highly productive and valuable 21
Nothofagus-dominated forests (Nothofagus dombeyi and Nothofagus alpina). For decades 22
these forests have been harvested either through selective cuts (cut the best and leave the 23
Methods 1

Study site 2
This study was carried out on a southeast-facing gentle slope (< 15%) of the Mocho-3
Choscuenco volcano in south-central Chile (39°35'S, 72°05'W) between 910 and 990 m a.s.l.. 4
The forest belongs to the N. dombeyi, N. alpina and Laureliopsis philippiana forest type 5 (Donoso 1981; Donoso et al 1986). The original old-growth forest likely had a structure 6 similar to that reported for these types of Andean forests by Veblen et al. (1980 Veblen et al. ( , 1981 . 7
Typically, these forests have basal area close to 100 m 2 ha -1 , and a multilayered canopy 8 dominated by emergent Nothofagus species (i.e., N. dombeyi and N. alpina) above a canopy of 9 shade-tolerant species (i.e., Saxegothaea conspicua, L. philippiana, and/or Dassyphylum 10 diacanthoides). More details about structure, composition, and dynamics of these forests can 11 be found in Veblen et al. (1981) and Donoso et al. (1986) . 12
The climate is Andean polar, with short and dry summers (December-March) and humid 13 winters (June-September). The annual precipitation is between 3,000 and 3,500 mm (Oyarzún 14 between 1999 and 2014). However, the final cut was never conducted, i.e. this was a partial 12 shelterwood cut. In spite of leaving this basal area, after the shelterwood cut was applied 13 dense-thickets of Chusquea culeou, considered a shade-tolerant bamboo species (Veblen 1982 openness planted with N. dombeyi (mean 28.9 ± SD 7.9%; range 9.6-50.2%) and N. alpina 17 (mean 25.6 ± SD 7.5%; range 5.36-43.2%) was similar. In each opening 15 seedlings were 18 planted in a rectangular layout with distances between seedlings reflecting opening sizes (Fig.  19 1). For instance, in large openings (e.g. > 40% of canopy openness) the distance between 20 seedlings was 4x4 m and in some cases 5x4 m. In medium-sized (20-40% of canopy 21 openness) and small openings (<20% canopy openness) the distance was 3x3m and 2x2m, 22 respectively. No seedlings were placed beneath tree crowns at opening edges ( Fig. 1) . Thirty 1 forest openings were planted with each species. Seedlings were planted at the end of May 2 2010 (late fall, before snow covered the study area). 3
Light availability. We took nine photographs per forest openings during the second growing 4 season, one at the apex of each selected seedling using a Coolpix D4500 digital camera (Nikon 5 CO., Japan) with a fisheye Nikkor (8mm) lens that has a 182° field of view (Nikon CO., 6 Japan; Fig. 1 ). Photographs were taken under homogeneous diffuse sky light conditions near 7 the middle of the growing seasons and light index was calculated using the Gap Light 8 
Seedling measurements 16
The following measurement protocols were implemented at the end of the first two growing 17 seasons, i.e., in May 2011 and 2012. We selected nine live seedlings per canopy opening (9 18 seedlings x 30 canopy openings = 270 seedlings per species), where three seedlings were 19 located each in the north, center and south portions of the canopy openings to represent the 20 spatial variability of growing conditions in openings in terms of light availability (Fig. 1) . For 21 each seedling, we measured root-collar diameter (d: 1 cm above ground) using a digital caliper 22 (±0.01 mm of precision; Litz professional; Germany) and total seedling height (h) using a 23 manually graduated tube (cm). In addition we took hemispherical photos and measured 1 resistance to penetration for each seedling as described above. All seedlings with mechanical 2 damage, herbivory, dieback, defoliation or dead were not considered in the analysis, because 3 such reductions in leaf area can produce reductions in growth not related to light or soil 4 compaction ( Table 1) . 5
Statistical analyses 6
All analyses were conducted separately for each species. We used relative basal diameter 7 growth rate (RGR) as the response variable in our models, which was computed as follows 8 To explore effects of soil compaction on seedling growth, the seedlings were segregated into 13 three categories according to associated values of resistance to penetration: low (< 600kPa), 14 intermediate (600-2,000 kPa), and high (≥ 2,000 kPa). These levels have been suggested to be 15 reflective of soil that is too compacted, adequate, or too porous for optimal plant growth, predicted RGR for the i-th seedling, respectively; and n is the sample size. 2
Results 1
Effects of light availability on seedling growth 2 An ample growth dispersion as a function of light occurred for both species (Fig. 2) . Model fit 3 and estimated parameters for both species were significant (P < 0.05; Table 2 ). Predictions of 4 the models for N. dombeyi had smaller error (RMSD) and aggregated difference (AD) than for 5 N. alpina (Table 2) . Asymptotic growth at high light levels was higher for N. dombeyi 6 ( �=1.384) than for N. alpina ( �= 1.297). Growth under low light levels was also higher for N. 7 dombeyi (̂=0.029) than for N. alpina (̂= 0.033). Thus, on average the growth performance 8 of N. dombeyi was better than for N. alpina in both high-and low-light levels. However, the 9 confidence intervals for both species suggest no statistical differences throughout the light 10 gradient analyzed (Fig. 2) . 11
Effects of soil compaction on growth responses of seedlings were related to light availability, 12 with species-specific variation in parameter estimations, when separating seedlings by soil 13 condition, i.e., by low, intermediate and high rates of resistance to penetration values, (Table  14 2, Fig. 3 ). Changes in seedling performance were observed through the estimated parameters 15 of the models for N. alpina when comparing resistance to penetration classes (Table 2; Fig. 3) . 16 For instance, the asymptotic growth rate (parameter � ) for N. alpina at low rates of resistance 17 to penetration was higher than the general model (1.858 vs. 1.297; Table 2 were similar to the general model for both species (Table 2; Fig. 3 ). At high levels of 22 resistance to penetration both species had lower asymptotic growth parameters than the 1 general model (Table 2) , with N. alpina showing a stronger response (Fig. 3) .Confidence 2 intervals overlapped for low and intermediate resistance to penetration models, suggesting no 3 significant differences between them, but at high resistance levels both species exhibited 4 differences. These differences for N. dombeyi were detected above ~40% in total light, and 5 for N. alpina above ~20% (Fig. 3) . 6
As expected, separating seedlings into resistance to penetration classes in general increased 7 the goodness-of-fit ( ℇ 2 ) and reduced prediction errors (as estimated by the RMSD%) and 8 aggregated differences (AD%) for both species (Table 2) 
alpina. 19
The strongest detrimental effects of soil resistance to penetration on growth were detected 20 under high resistance levels for both species (above of >2,000 kPa; Fig. 3 ). However, growth 21 of N. alpina was reduced more than growth of N. dombeyi (Fig. 3) . Under these resistance 22 levels, growth of N. alpina was impacted above 20% light availability, while growth of N. 1 dombeyi was only affected at light levels above 40% of full sunlight (Fig. 3) . However, levels 2 of soil resistance to penetration at low and middle light levels were not significant for N. 3 alpina and N. dombeyi. Thus, our study confirms the soil resistance to penetration levels that 4 have been widely documented as thresholds above which there are detrimental effects on 5 seedling growth, i.e. ~2,000 kPa (e.g., Greasen and Sands 1980; Kozlowski 1999) despite 6 potential differences in measurement tools, methodology, or soil conditions. These findings 7 for our study species refute the hypothesis that low levels of soil compaction also lead to 2010). Our study highlights the sensitivity of plant response to soil compaction as we found 2 contrasting response between two very closely related species (Fig. 3) . (Table 2) . Although there were no significant 16 differences between species (Fig. 2) , N. dombeyi had higher � (high-light) and ̂ (low-light) 17 parameters than N. alpina, suggesting that N. dombeyi can grow well under wider conditions 18 of light and soil compaction levels (Fig. 3) . These findings also suggest that multiple 19 physiological and morphological adaptation mechanisms may explain the strong growth 20 plasticity of N. dombeyi. implemented, e.g., during the dry season or with machinery that use low-pressure tires to 5 minimize detrimental soil compaction levels. Also, so far we know that scarification with 6 heavy machinery works well in coarse-textured soils (Reyes et al. 2013), which is common in 7 the Andes of southern South America (Andisols and Inceptisols), but studies must be 8 conducted to know its applicability in more fine-textured soils. 9
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